Objective: To compare the effectiveness and safety of carbetocin, misoprostol and syntocinon in reducing the amount of blood loss following cesarean deliveries. Patients and Methods: This randomized study was carried out on 180 attended for delivery. A double-blind randomized controlled trial enrolled patients with a singleton pregnancy scheduled for an elective cesarean delivery. The primary outcome was the amount of blood loss. The secondary outcome was the occurrence of uterine atony necessitating additional uterotonics. Per-protocol analyses were performed. Patients, investigators and data analysts were masked to treatment assignments. Results: It was found that the carbetocin group showed a significant decrease in blood loss intra and post-operative. Also, the decrease in both Hb and Hct level was significantly lower than the other two drugs. On the other hand, the complication and side effect of carbetocin were significantly lower than the other two drugs. Conclusion: Additional uterotonics were needed less frequently by patients treated with carbetocin. Carbetocin was superior to syntocinon and misoprostol in reducing the blood loss and preventing uterine atony following an elective cesarean delivery.
Patients benefit from reductions in operative blood loss during cesarean delivery through decreased postoperative morbidity and reduced exposure to the risks associated with blood transfusions [4] . The commonest cause of hemorrhage during delivery is uterine atony; consequently, it has been agreed that during delivery active management of the third stage of labor is preferable to expectant management [5] . Active management of third stage of labor includes controlled cord traction for the expulsion of the placenta during a cesarean delivery and the administration of intramuscular or intravenous syntocinon [3] .
Consequently, the administration of uterotonic drugs during cesarean section (CS) and in the third stage of labor for vaginal delivery has become essential to diminish the risk of PPH and improve maternal safety [6] .
Syntocinon is a widely used and effective first choice uterotonic agent in the universal prevention of PPH. [7, 8] It binds to syntocinon receptors of the myometrium and stimulates uterine muscle contraction where it increases the intracellular calcium concentration. [9] However, there are some limitations of its use, beside syntocinon has a short half-life of few minutes, and a continuous intravenous (IV) infusion is mandatory to have sustained uterine contraction. [10, 11] Moreover, many side effects are associated with large doses or boluses of Syntocinon as hypotension, nausea, vomiting, severe water intoxication with or without seizures, dysrhythmias, ST-T changes and pulmonary edema. [12] Misoprostol, a prostaglandin E1 (PGE1) analogue, has potent uterotonic action is cheap and stable at room temperature and has few adverse effects. It is well absorbed when administered by oral, vaginal, sublingual, rectal or buccal routes [13] .
The sublingual route is recognized as having the greatest benefit due to its rapid uptake, long-acting effect and the greatest bioavailability compared with other routes of misoprostol administration [14] .
Carbetocin is a synthetic analogue of human syntocinon with structural modifications that increase its half life thereby prolonging its pharmacological effects [15] . Two double-blind randomized trials compared 100 lg carbetocin (the licensed dose) with different combinations of syntocinon, bolus and infusion following caesarean section. The first trial [16] found that significantly more women needed additional oxytocic interventions in the syntocinon group. The second trial found no significant differences in the intraoperative blood loss [17] .
With a plasma half-life of 40 minutes, carbetocin has a longer duration of action than oxytocin. It is indicated for the prevention of uterine atony and PPH following elective CS under epidural or spinal anaesthesia. Intravenous injection of carbetocin produces rhythmic uterine contractions lasting approximately 60 minutes, while IM injection significantly prolongs its activity ~120 minutes [18] .
AIM OF THE WORK:
The aim of the present study was to evaluate the effectiveness and side effects of carbetocin, misoprostol and syntocinon in the prevention of PPH in patients undergoing elective cesarean deliveries.
PATIENTS AND METHOD
This randomized study was carried out on 180 pregnant women attended for delivery in El-Shatby Maternal Hospital, Faculty of Medicine.
Inclusion criteria
Women with a singleton pregnancy undergoing elective or emergency caesarean section after 37 weeks of gestation.
Exclusion criteria
Patients with blood diseases as thrombocytopenia and coagulation defect, renal and liver diseases, hypersensitivity to carbetocin and any contraindication for misoprostol as bronchial asthma were excluded from the study. Spinal anesthesia technique was standardized for all groups.
Patients were classified into 3 groups Group A:
This group included 60 cases (Syntocinon group) received 20 IU of syntocinon iv infusion on 1000 ml of normal saline solution during cesarean section after delivery of the baby.
Group B:
This group included 60 cases (Misoprostol group) received misoprostol 400ug per rectum immediately before induction of anesthesia in operating theater.
Group C:
This group included 60 cases (Carbetocin group) in which (PAPAL) 100mg was administered iv slowly during cesarean section after delivery of the baby.
Ethics:
Ethics committee approved the study and a written informed consent was obtained from each patient before the study commenced.
Primary outcome:
Estimated blood loss, difference in preoperative and postoperative hemoglobin and hematocrit and incidence of uterine atony.
Statistical methods:
The results were expressed as mean±SD or number and (%). Comparison between categorical data was performed using ANOVA test. The data was considered significant if p-values <0.05. Statistical analysis was performed with the aid of the SPSS (version 21.0) computer program.
RESULTS:
( Table 1) showed the demographic and basic maternal data of the patients involved in this study. The age, BMI, gestational age, gravidity and parity in the three studied groups showed insignificant differences between them.
The data of primary outcome was illustrated in ( Table 2 ). The intraoperative blood loss was higher in group A (syntocinon group) (660.0±36.2 ml); while group C (carbetocin group) showed the least amount of blood loss. The decrease in hemoglobin and hematocrit in carbetocin group was more significant than the other two groups. The need for blood transfusion in group A was 4 cases, while for group C no one needed blood transfusion.
The side effects and complications of the three drugs were shown in (Table 3 ). There was a significant increase in complication in groups A and B more than group C.
DISCUSSION:
There was no statistically significant difference between the three groups as regard to demographic data (maternal age, BMI, parity or gestational age).
In the present study, hemoglobin level and hematocrit value assessment preoperatively and 24 hours postoperatively after elective cesarean delivery had a mildly significant difference among the three studied groups (p <0.05); so, carbetocin prevent or minimize incidence of post cesarean delivery hemorrhagic anemia.
A single dose of 100 μg of carbetocin given with intravenous drip has been proved to be as effective as a 16-hour infusion of oxytocin in prevention of intraoperative and postoperative blood loss after caesarean section [19] . Another study found that a single dose of carbetocin had the same efficacy compared to two-hour oxytocin infusion in prevention of intraoperative blood loss after removal of placental [18] .
Elgafor El-Sharkwy et al. [19] studied 380 patients and compared combination of sublingual misoprostol and oxytocin infusion with intravenous carbetocin in the prevention of PPH during cesarean delivery in high-risk patients. The authors concluded that combined misoprostoloxytocin was as effective as intravenous carbetocin in reducing the need for additional uterotonics [19] .
Some studies have demonstrated that misoprostol 400-600-μg is as effective as oxytocin [4] and a combination of misoprostol 200 μg with oxytocin has been demonstrated to reduce blood loss and the need for additional uterotonics [20] .
A Chinese study [21] reported that a 600-μg dose of misoprostol was superior to oxytocin in the prevention of postpartum bleeding. Another systematic review [22] which examined the use of prophylactic misoprostol during cesarean deliveries, included data from 17 studies (3174 patients). Generally, when compared to oxytocin, misoprostol alone did not demonstrate any significant improvements in the prevention of intra-and post-operative hemorrhage [22] . However, combination of misoprostoloxytocin was more effective than oxytocin alone in reducing intra-and post-operative hemorrhage during cesarean deliveries [22] .
Other trials and reviews have examined the effectiveness of misoprostol during vaginal deliveries. Varying results have been reported. However, misoprostol has not been found to be superior to oxytocin in reducing postpartum blood loss and the use of additional uterotonics in general. Carbetocin is a recent innovation in the prevention of PPH [5] .
Carbetocin is currently approved for the prevention of uterine atony after cesarean delivery under spinal or epidural anesthesia in 23 countries [5] . Carbetocin is characterized by a longer duration of action than oxytocin and has been demonstrated in many studies [23] to have few adverse effects. Few studies are available that have compared carbetocin and oxytocin.
A systematic review of 11 studies [5] was done, in which four studies compared carbetocin (100 μg administered intravenously) with oxytocin in patients undergoing a cesarean delivery. In comparison with oxytocin, carbetocin demonstrated a statistically significant reduction in the use of additional uterotonics. However, no statistically significant difference was reported between carbetocin and oxytocin in terms of the risk of patients experiencing PPH (500-1000-mL blood loss) or severe PPH (N1000-mL blood loss) [5] .
One study has found that carbetocin is as effective as a combination of misoprostol plus oxytocin in the reduction of PPH and the use of additional uterotonics [19] .
CONCLUSION
Carbetocin is superior to syntocinon and misoprostol in reducing blood loss and minimizing incidence of uterine atony in patients performing elective caesarean delivery with high risk factors.
Carbetocin is solely efficient in controlling postpartum hemorrhage and is associated with less need for further uterotonic agents or surgical haemostatic measures in comparison to syntocinon and misoprostol groups. It produces prolonged uterine tetanic spasm during and post cesarean delivery in comparison to syntocinon and misoprostol.
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